Contact with companion animals has been suggested to have important roles in enhancing child development. However, studies focused on child development and pet ownership at a very early age are limited. The purpose of the current study was to investigate child development in relation to pet ownership at an early age in a nationwide prospective birth cohort study: the Japan Environment and Children's Study. Associations between cat and dog ownership at six months and infant development at 12 months of age were examined in this study. Infant development was assessed using the Ages & Stages Questionnaires TM (ASQ-3) at 12 months. Among participants of (Japan Environment and Children's Study) JECS, those with available data of cat and dog ownership at six months and data for the ASQ-3 at 12 months were included (n = 78,868). Having dogs showed higher percentages of pass in all five domains measured by ASQ-3 (communication, gross motor, fine motor, problem-solving, and personal-social) compared to those who did not have dogs. Significantly decreased odds ratios (ORs) of developmental delays were observed in association with having dogs in all fix domains (communication: OR = 0.73, gross motor: OR = 0.86, fine motor: OR = 0.84, problem-solving: OR = 0.90, personal-social: OR = 0.83). This study suggested that early life dog ownership may reduce the risks of child developmental delays.
Introduction
Childhood is a crucial phase in its contribution to the quality of health, emotional well-being, learning, and behavior across the life span [1] . However, studies of child development have largely been limited to relationships and interactions with other humans. Studies of the human-animal interaction have proposed that there are health benefits associated with pet ownership. Pet ownership may provide emotional protection from the stresses and strains of life, and it may encourage a more active life. Contact with companion animals has been suggested to have important roles in enhancing child development [2, 3] . The psychological benefits of attachment to pets have been found for a variety of pet animals, particularly cats [4] and dogs [5] . Several studies have found a link between pet ownership, pet attachment, positive attitudes to animals, compassion, empathy, and prosocial behavior [6] [7] [8] [9] [10] [11] . For many children, companion animals are likely powerful motivators for learning [12] and development [12, 13] . Although pet ownership may have the potential to positively influence child development, these relationships have received little attention, and a need for research in this area has been recognized [12, 14] . Especially, studies focused on child development and pet ownership at a very early age and are limited. This could be partly due to the limited availability of developmental assessment tools at early ages.
The Ages & Stages Questionnaires TM (ASQ-3) is a developmental screening tool widely used by clinicians, researchers, and intervention programs around the world [15] . The ASQ-3 pinpoints developmental progress in children between the ages of 1 to 66 months. Because this tool is parent-completed, it provides an efficient and cost-effective method of collecting information regarding children's development without the need for trained experts and considered to be an appropriate method for large prospective cohort study.
The purpose of the current study was to investigate child development in relation to pet ownership at an early age. In this study, associations between cat and dog ownership at six months and infant development at 12 months of age were examined using the data from a nationwide prospective birth cohort study; the Japan Environment and Children's Study (JECS).
Materials and Methods

Study Design
The JECS is an ongoing nationwide prospective birth cohort study in Japan. JECS study is conducted at 15 regional centers (Hokkaido, Miyagi, Fukushima, Chiba, Kanagawa, Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo, Tottori, Kochi, Fukuoka, and Minami Kyusyu/Okinawa) in Japan. Details of the JECS project have been described elsewhere [16] [17] [18] . Briefly, pregnant women were recruited between January 2011 and March 2014. Eligibility criteria for participation included residing in the study area at the time of recruitment, an expected delivery date after August 2011, comprehension of the Japanese language, and completing the self-administered questionnaire. In total, 104,065 fetal records were included in the cohort, including multiple births. The present study used the dataset jecs-an-20180131, which was released in January 2018 and revised in December 2018.
Ethical Statement
The JECS protocol was approved by the Ministry of the Environment's Institutional Review Board on Epidemiological Studies and by the Ethics Committees of each participating institution (Appendix A) (ethical project identification code: Kanken19-117). All participants provided informed, written consent in accordance with the Declaration of Helsinki.
Study Participants
Of the 104,065 fetal records included in the cohort, 100,144 were live birth. Among participants of JECS, those with available data of dog and/or cat ownership at six months and data for the ASQ-3 at 12 months were included in this study (n = 78,868) ( Figure 1 ). 
Self-Administered Questionnaires
Details of the self-administered questionnaire in this study have been described previously [16, 17] . Briefly, maternal smoking and drinking at the 2nd/3rd trimesters, maternal and paternal education, and annual household income during pregnancy were obtained from the M-T2 questionnaire (answered by pregnant women at the 2nd/3rd trimesters); parity was obtained from the Dr-T1 questionnaire (medical records transcripts at the 1st trimester); and maternal age at delivery, delivery mode, infant sex, gestational age, and birth weight were obtained from the Dr-0m questionnaire (medical records transcripts at delivery). Marital status was obtained from the C-6M questionnaire (answered by mothers at 6 months of postpartum). Duration of breastfeeding, and maternal mental illness (a Japanese version of the Kessler 6 (K6) scale) were obtained from the C-1Y questionnaire (answered by mothers at 12 months of postpartum). Information regarding pet ownership including cats and dogs was obtained from the C-6M questionnaire (answered by mothers at 6 months of postpartum).
Outcome Definitions
The ASQ-3 is comprised of 21 age-specific questionnaires for children ages 1 to 66 months to assess children's progress in five developmental domains (communication, gross motor, fine motor, problem-solving, personal-social). Each of the 5 domains has 6 questions, resulting in 30 items for each age-interval. Each item describes a skill, ability, or behavior to which the parent responds "yes" (10 points), "sometimes" (5), or "not yet" (0). Parents sometimes omit items when they are unsure of how to respond or because they have concerns about their child's performance of the item. The ASQ-3 scores were not calculated if there were three or more omitted items in a given domain. In the case of one or two omitted items, an adjusted total domain score was calculated by adding the averaged item score either once for one omission or twice for two omissions. Children who may potentially be at-risk for developmental delays at each age-interval are identified by comparing their scores to cutoff scores. The J-ASQ-3 cutoff scores for each domain were; communication = 15.64, gross motor = 21.49, fine motor = 34.50, problem-solving = 27.32, personal-social = 21.73 based on the original ASQ-3 [19] . In this study, those who completed the J-ASQ-3 12-months questionnaire at 11 months 0 days through 
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Outcome Definitions
The ASQ-3 is comprised of 21 age-specific questionnaires for children ages 1 to 66 months to assess children's progress in five developmental domains (communication, gross motor, fine motor, problem-solving, personal-social). Each of the 5 domains has 6 questions, resulting in 30 items for each age-interval. Each item describes a skill, ability, or behavior to which the parent responds "yes" (10 points), "sometimes" (5), or "not yet" (0). Parents sometimes omit items when they are unsure of how to respond or because they have concerns about their child's performance of the item. The ASQ-3 scores were not calculated if there were three or more omitted items in a given domain. In the case of one or two omitted items, an adjusted total domain score was calculated by adding the averaged item score either once for one omission or twice for two omissions. Children who may potentially be at-risk for developmental delays at each age-interval are identified by comparing their scores to cutoff scores. The J-ASQ-3 cutoff scores for each domain were; communication = 15.64, gross motor = 21.49, fine motor = 34.50, problem-solving = 27.32, personal-social = 21.73 based on the original ASQ-3 [19] . In this study, those who completed the J-ASQ-3 12-months questionnaire at 11 months 0 days through 12 months 30 days of ages were strictly included. According to recommend ASQ-3 procedures, adjusted age was used to determine the appropriate ASQ-3 for children who were preterm (<37 weeks of gestational age).
Statistical Analyses
ASQ-3 scores of each domain were dichotomized based on the cutoff scores of each domain. Chi-squared test was used to determine whether there was a significant difference in the frequency of pass/fail of ASQ-3 scores at 12 months of age each domain in having or not having cats and dogs at 6 months of age. t-test was used to compare the mean value of maternal age, birth weight, and gestational age among those who had cats and dogs and those who did not. Logistic regression models were used to investigate infant developmental delays in association with having cats and dogs. The models were adjusted for maternal and paternal education, maternal smoking during pregnancy, annual household income during pregnancy, maternal mental illness, and duration of breastfeeding based on the previous literature and correlation between these variables and exposure and outcome. Since there were a small number of missing values for each variable, analyses included only those without missing variables. p < 0.05 was considered as statistically significant. Statistical analyses were performed using SPSS version 24 (IBM, Armonk, NY, USA). Table 1 shows the characteristics of parents and infants included in this study (n = 78,868) and comparison of characteristics between those who had cats and dogs. The pet ownership for cats and dogs at six months was 6358 (8.1%) and 11,934 (15.1%), respectively. Prevalence of maternal smoking at the 2nd trimester was higher in those who had cats and dogs. Both maternal and paternal education levels and annual household income were lower in those who had cats and dogs. Prevalence of possible maternal mental illness was higher in those who had cats but not dogs. Duration of breastfeeding was shorter in those who had cats and dogs. Table 2 shows the distribution of the ASQ-3 12-months questionnaire scores in association with having cats and dogs at six months of age. The mean scores of each domain were 37.68 for communication, 42.78 for gross motor, 48.21 for fine motor, 42.35 for problem-solving, and 37.03 for personal-social, respectively. Numbers of infants who failed each domain were 5633 (7.1%) for communication, 11,368 (14.3%) for gross motor, 8133 (10.2%) for fine motor, 12,505 (15.7%) for problemsolving, 13,755 (17.3%) for personal-social. Those who had cats showed higher percentages (83.7%) of pass in the personal-social domain compared to those who did not have cats (82.5%). Having dogs showed higher percentages of pass in all five domains measured by ASQ-3 compared to those who did not have dogs. Table 3 shows infant developmental delays at 12 months of age in association with having cats and dogs at six months of postpartum. There was no significant association between having a cat and infant developmental delays of any domains. Contrary, significantly decreased odds ratios (ORs) were observed in association with having a dog in all five domains. ORs and 95% confidence intervals (CIs) for each domain were 0.73 (0.67, 0.80) for communication, 0.86 (0.81, 0.92) for gross motor, 0.84 (0.78, 0.90) for fine motor, 0.90 (0.85, 0.96) for problem-solving, 0.83 (0.79, 0.88) for personal-social, respectively. Further analysis of three groups (only cat ownership, only dog ownership, and both cat and dog ownership) were conducted, and the results are shown in supplemental Table S3 . 
Results
Discussion
In this study, we found that having dogs at six months was associated with decreased risks of infant showing developmental delays at 12 months in five domains of the ASQ-3. However, the same was not observed among those who had cats. This was the first report on early childhood pet ownership and child development based on the large-scale prospective birth cohort study data.
The mean scores of the ASQ-3 in this study were relatively lower compared to the recent cohort study (n = 318) as well as US national data [20] . The mean scores were also lower compared to the original scores from the ASQ manual. As it was discussed in the recent literature from Japan, for the questionnaires for younger children, the scores tended to be lower for the J-ASQ-3 [21] . This is consistent with other developmental assessment tools that showed that Japanese children generally develop slower than American children until about two years of age [22] .
The ownership of cats and dogs in this study was 8.0% and 15.0%, respectively, and this is comparable to the data from Japan Pet Food Association that reported the prevalence of cat and dog ownership in Japan was 9.78% and 12.64%, respectively, in 2018 [23] . In this study, socio-demographic characteristics of participants with cats or dogs were less educated parents and less household income, and maternal age at delivery was significantly younger, which was similar to previous studies [24, 25] . In general, higher parental education and parental social class, and the younger the mother was at delivery, were related to less pet ownerships. This was only found in dog ownership but not in cat ownership.
Our findings on pet ownership and child development are in line with findings from other studies. A systematic review found evidence for an association between pet ownership and a wide range of emotional health benefits, such as self-esteem and reduced depression from childhood pet ownership [26] . A recent study from Japan suggested that pet ownership in toddlerhood may contribute to the development of emotional expression of children [24] . The same study found that the prevalence of children with poor emotional expression were in the protective direction for owning dogs; contrary, the direction was opposite for cat ownership [24] . Infants could learn and develop skills of expression from interacting with their dogs and result in a lower risk of having communication and personal-social problems. Interaction with dogs may potentially help infants to have better gross and fine motor development. For example, a study of dog-assisted therapies and activities in the rehabilitation of children with cerebral palsy and physical and mental disabilities reported that the children improved their abilities to use their bodies according to their capabilities [27] . Another study showed that the presence of a therapy dog would affect the performance of a set of gross motor skill tasks for a mixed group of language-impaired and typical preschool children [28] . Children in these studies were older than those in the present study; however, these findings may be an indication of how beneficial interacting with dogs can be for the motor development of children. The previous studies suggested that early exposure to pets may contribute to child cognitive development [29] and may facilitate language acquisition and potentially enhance verbal skills in children [30] . The presence of animals has been shown to elicit immediate positive effects in testing situations of cognition, such as memory, categorization, and attention [28, [31] [32] [33] [34] [35] . Problem-solving assessed in this study is related to cognitive function. Together with the previous studies, findings from this study suggested that the presence of dogs at home may contribute to child cognitive development even at a younger age.
Literature included in the systematic review investigated various kind pets, including birds, fish, horses, and so on; however, the evidence for the impact of pets on child development was mostly found only with dogs [26] . It has been reported that children with pet dogs scored the highest on attachment [36] . Dogs are also more likely to read and adopt their behavior in response to human emotional signals [37] . These may explain why only ownership of dogs showed a significant decreased risk of children to have developmental problems. In addition, a study suggested that pet ownership may be associated with increased social skills, and the positive effect was only found in association with dog ownerships [38] . Research over the past 30 years [39] and a systematic review [40] indicated that dogs may offer physiological, emotional, social, physical support, and beneficial effect on a number of behavioral processes for children.
Although the ownership of pets showed benefits, including better child development, certain negative consequences, such as zoonotic infections [41] , allergy and asthma [42] , bites and other injuries [43] , and the psychological and emotional costs due to loss of pet [44] have been noted. In addition, children are at a greater risk of animal bites from a household pet [45, 46] , and children under five years of age are most at risk of serious injury [47, 48] .
The strengths of this study are that we used a dataset of large sample size, longitudinal design, and included a variety of different factors. Health influence in association with pet ownership has been discussed in case-control studies and cross-sectional studies [26, 49] ; however, these previous studies had limitations in study designs and sample size. In addition, some of the studies did not consider confounding factors. The current study was the first study to investigate child development in association with early life pet ownership in a prospective birth cohort study. The characteristics of parents and infants included in this study were compared to the whole cohort profile data and found to be similar to the original cohort population [16] . However, a comparison between the current study population (n = 78,868) and those who were excluded from the current study due to no data of pet ownership (n = 860) found some significant differences (Supplemental Tables S1 and S2). Percentage of maternal smoking was higher, and both maternal and paternal education levels and annual family income were lower among those who were excluded. These characteristics were also common among those who had cats and dogs (Table 1 ). This may indicate that the prevalence of pet ownership was possibly higher among those who were excluded. The mean ASQ-3 scores were higher among those who were excluded in all domains, which may indicate that less developmentally delayed children were in this group. These differences in characteristics may impact the findings from this study; however, the number of those excluded was small (1.1%); thus, the impact is also small even if it existed.
Some limitations of this study should be noted. First, the child developmental delays were assessed by a parental report. Even though the ASQ-3 is one of the most widely used screening tools for early childhood development, misclassification may have occurred. We have controlled for possible maternal mental illness based on the validated Japanese version of the K6 score [50] at 12 months postpartum as ASQ-3 scores may have been influenced by maternal mental problems. Second, the current study only investigated cat and dog ownerships but no other pets. Additionally, it is important to recognize that pet attachment may be more important in exerting potential health effects than pet ownership [51] . In this study, we could only examine the association between pet ownership and child development. For further studies, assessment of pet attachment should be considered. In addition to self-reported questionnaires, observational and behavioral methods would ensure the accuracy of findings. Third, other important confounding factors, such as the quality of children's home environments, needed to be considered because children's home environment has been linked with both the concurrent and longitudinal cognitive development of children [30, 52] . The current study did not control for these confounding factors, which may possibly mask the true association between dog ownership and infant development.
Conclusions
This study suggested that having dogs in early life may possibly reduce the risks of children to have developmental delays. Further longitudinal follow-up studies are necessary to elucidate associations between early life pet ownership and child development.
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